A Gram-stain-negative, moderately halophilic and facultatively aerobic bacterium capable of respiration with nitrate, designated strain JJ-M1 T , was isolated from saeu-jeot, a traditional Korean fermented shrimp sauce. Cells of the strain were non-motile short rods showing oxidase-negative and catalase-positive reactions and the production of pale-yellow pigments. Growth of strain JJ-M1
The taxonomy of the family Halomonadaceae has been continuously updated since it was first established by Franzmann et al. (1988) . At the time of writing, the family Halomonadaceae belonging to the class Gammaproteobacteria consists of nine halophilic genera with validly published names (Aidingimonas, Chromohalobacter, Cobetia, Halomonas, Halotalea, Kushneria, Modicisalibacter, Salinicola and Larsenimonas) (Vreeland et al., 1980; Ventosa et al., 1989; Mellado et al., 1995; Arahal et al., 2002; Arahal & Ventosa, 2006; Gam et al., 2007; Ntougias et al., 2007; Sánchez-Porro et al., 2009; Wang et al., 2009; Leó n et al., 2015) that are capable of growth in saline environments with 15 % (w/v) salt concentrations plus two nonhalophilic genera (Carnimonas and Zymobacter) (Okamoto et al., 1993; Garriga et al., 1998) . Among the genera, the genus Halomonas including Gram-stain-negative, moderately halophilic, aerobic or facultatively aerobic rod-shaped bacteria is the largest genus, which includes 90 species with validly published names that have been isolated from diverse saline environments such as solar salterns, salt lakes, fermented seafood, sea squirts, sea ice, hydrothermal vents and saline-alkali soil (Vreeland et al., 1980; Ventosa et al., 1998; Romanenko et al., 2002; Yoon et al., 2002; Kaye et al., 2004; Lim et al., 2004; Arenas et al., 2009; Kim et al., 2010; Guan et al., 2010; Guzmán et al., 2010; Jeong et al., 2013; Miao et al., 2014) . Because members of the genus Halomonas are phenotypically diverse and have an unusually wide range of DNA G+C contents (52-74.3 mol%), they are being split into different genera (Arahal et al. 2002) .
Saeu-jeot, made by fermenting salted (approximately 25 %, w/v) tiny shrimps (Acetes japonicus), is the most representative and best-selling fermented seafood sauce (called jeotgal) in Korea. Traditional saeu-jeot fermentation occurs naturally without starter cultures, which leads to the growth of diverse halophilic or halotolerant microbes derived from solar salts or raw materials Lee et al., 2014) . In this study, a novel bacterium, strain JJ-M1
T , belonging to the genus Halomonas was isolated from saeu-jeot and its taxonomic properties have been characterized using a polyphasic approach.
Using a previously described procedure (Lo et al., 2015) , strain JJ-M1
T was isolated from saeu-jeot, a traditional Korean fermented shrimp sauce, which was made by fermenting tiny shrimps (A. japonicus, from the Yellow Sea of South Korea) under highly salted conditions (25 % solar salts, w/v) . Briefly, a saeu-jeot sample was obtained after 81 days of fermentation at 15 8C and serially diluted with artificial seawater (ASW; l
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: 20 g NaCl, 2.9 g MgSO 4 .7H 2 O, 4.53 g MgCl 2 .6H 2 O, 0.64 g KCl, 1.75 g CaCl 2 .2H 2 O). The diluted samples were spread on marine agar 2216 (MB; BD) supplemented with an additional 3 % (w/v) NaCl [final concentration: approximately 4.9 % (w/v) NaCl] and incubated at 25 8C for 5 days. PCR amplifications of the 16S rRNA genes of colonies grown on agar plates were performed using universal primers, 27f (59-AGAGTTTGATCMTGGCTCAG-39) and 1492r (59-TACGGYTACCTTGTTACGACTT-39), as described previously (Lu et al., 2006) . The amplicons were double-digested using a mixture of Hae III and Hha I and PCR products showing distinct fragment patterns were sequenced using the F1 primer. The partial 16S rRNA gene sequences were compared with those of all type strains with validly published names using the Nucleotide Similarity Search program in the EzTaxon-e server (Kim et al., 2012) and a putative novel strain, designated strain JJ-M1
T , belonging to the genus Halomonas was selected for further phenotypic and phylogenetic characterization. Strain JJ-M1
T was routinely cultivated aerobically at 30 8C for 3 days on 10 % MH agar (Ventosa et al., 1982) having the following composition (%, w/v): NaCl (8.1), MgCl 2 (0.7), MgSO 4 (0.96), CaCl 2 (0.036), KCl (0.2), NaHCO 3 (0.006), NaBr (0.0026), proteose peptone (0.5), yeast extract (1.0), glucose (0.1) and agar (1.5), unless otherwise indicated. Halomonas elongata DSM 2581 T (purchased from DSMZ, Germany), Halomonas jeotgali Hwa T (provided by Dr Bae; Kim et al., 2010) and Halomonas cibimaris 10-C-3 T (Jeong et al., 2013) were used as reference strains for comparisons of phenotypic properties and cellular fatty acid compositions.
The 16S rRNA gene amplicon of strain JJ-M1 T was additionally sequenced using the F1 and R13 primers to obtain information about its longer sequence. The resulting 16S rRNA gene sequence (1374 nt) of strain JJ-M1
T was compared with those of all type strains with validly published names using the Nucleotide Similarity Search program in the EzTaxon-e server. The 16S rRNA gene sequences of strain JJ-M1
T and closely related type taxa were aligned with the fast secondary-structure aware infernal aligner in the Ribosomal Database Project (RDP) (https://pyro.cme.msu.edu/login.spr; Nawrocki & Eddy, 2007) . Phylogenetic trees, using the neighbour-joining (NJ) and maximum-parsimony (MP) algorithms, were reconstructed using PHYLIP software (version 3.695) (Felsenstein, 2002) (Fig. 1) . The phylogenetic trees built using the ML and MP algorithms also supported strain JJ-M1
T representing a member of the genus Halomonas.
The phenotypic and biochemical properties of strain JJ-M1
T were characterized on the basis of the recommendations of the proposed minimal standards for describing new taxa of the family Halomonadaceae (Arahal et al., 2007) . Cell morphology and the presence of flagella were studied using transmission electron microscopy (JEM-161 1010, JEOL) with cells from an exponentially growing culture on 10 % MH agar. The temperatures and pH values for the growth of strain JJ-M1
T were determined by growing the isolate on 10 % MH agar at different temperatures (10, 15, 20, 25, 30, 35, 37, 40 and 45 8C) and in 10 % MH broth at pH 5.0-10.0 at 0.5 pH unit intervals, respectively. The MH broth media with pH ,8.0 and pH 8.0-10.0 were prepared using Na 2 HPO 4 /NaH 2 PO 4 and Tris/HCl buffers, respectively, and their pH was adjusted if necessary after sterilization (121 8C, 15 min). Growth at various salt concentrations was determined in MH broth with different MH sea-salt [in % (w/v); NaCl 80.72, MgCl 2 6.55, MgSO 4 10.00, CaCl 2 0.35, KCl 2.07, NaHCO 3 0.07, NaBr 0.24] concentrations of 0, 0.5, 1, 3, 5, 7.5, 10, 15, 20, 22.5, 25 and 30 % (w/v) (Mata et al., 2002) . Gram staining was performed using the bioMérieux Gram Stain kit according to the instructions of the manufacturer. Exopolysaccharide production was checked by using Alcian blue staining and poly-b-hydroxyalkanoate granules were identified under an epifluorescence microscope (Axio Lab. A1, Carl Zeiss) after staining with Nile blue A. The following properties of strain JJ-M1
T and reference strains were investigated in parallel under the same conditions. Oxidase and catalase activities were tested by oxidation of 1 % (w/v) tetramethyl-p-phenylenediamine (Merck) and the production of oxygen bubbles in 3 % (v/v) aqueous hydrogen peroxide solution, respectively (Smibert & Krieg, 1994) . The nitrate reduction test was performed according to the method of Lányí (1987) . The utilization of glucose by oxidation or fermentation was checked in modified MOF medium containing 10 % (w/v) NaCl (Ventosa et al., 1982) . The ability to grow anaerobically was assessed on 10 % MH agar under anaerobic (with 4-10 % CO 2 ) conditions using the GasPak Plus system (BBL) at 30 8C for 20 days. H 2 S production from L-cysteine, methyl red and Voges-Proskauer reactions, growth on MacConkey agar, gluconate oxidation, respiration in the presence of nitrate, nitrite and fumarate, phenylalanine deaminase activity, tyrosine pigment production, hydrolysis of gelatin, starch, casein, Tween 20, Tween 80, DNA and aesculin, utilization of various substrates as the sole carbon and energy source and acid production from various substrates were tested under 10 % MH sea-salt conditions, according to methods previously described by Mata et al. (2002) . Additional enzyme activities and biochemical features were tested using API ZYM and API 20E kits (bioMérieux) according to the instructions of the manufacturer, except that the inocula were prepared by suspending cells in 10 % (w/v) MH sea-salts. Antibiotic susceptibility tests were performed on 10 % MH agar using filter-paper discs (Whatman) containing the following antibiotic concentrations (mg per disc): tetracycline (30), carbenicillin (100), kanamycin (30), gentamicin (30), novobiocin (5), ampicillin (10), lincomycin (15), oleandomycin (15) and neomycin (30).
Cells of strain JJ-M1
T were Gram-strain-negative, nonmotile, short rods, 0.8-1.1 mm in width and 1.2-2.2 mm in length (Fig. S1 , available in the online Supplementary Material). Colonies were 1.5-3.5 mm in diameter, paleyellow, raised, round with entire margins on 10 % MH agar after being cultured at 30 8C for 3 days. Strain JJ-M1
T did not grow anaerobically on 10 % MH agar with or without fumarate and nitrite, but it grew on 10 % MH agar containing nitrate. Strain JJ-M1
T was resistant to tetracycline, kanamycin, lincomycin, oleandomycin and neomycin, but sensitive to carbenicillin, novobiocin, gentamicin and ampicillin. More physiological and biochemical characteristics of strain JJ-M1 T are described in Table 1 and the species description. Some of them are in agreement with the properties of the genus Halomonas, while some others differentiate strain JJ-M1
T from other species of the genus Halomonas (Table 1 ).
The DNA G+C content of strain JJ-M1 T was analysed using the fluorometric method described by Gonzalez & Saiz-Jimenez (2002) using SYBR Green I and a real-time PCR thermocycler (Bio-Rad). Respiratory quinones of strain JJ-M1 T were analysed by HPLC (model LC-20A, Shimadzu) equipped with a diode array detector (SPD-M20A, Shimadzu) and a reversed-phase column (25064.6 mm; Kromasil, Akzo Nobel), as described by Komagata & Suzuki (1987) . The mobile phase was methanol/2-propanol (2 : 1, v/v) at a flow rate of 1 ml min 21 . For the analysis of cellular fatty acids, strain JJ-M1
T and three reference strains were cultured in 10 % MH broth at 30 8C and cells were harvested at the exponential growth stage (at 600 nm, optical density50.8). The cellular fatty acids were saponified, methylated and extracted using the standard MIDI protocol. The fatty acids were analysed by GC (model 6890, Hewlett Packard) and identified by using the TSBA6 database of the Sherlock Microbial Identification System version 6.0B (MIDI). The polar lipids of strain JJ-M1
T , Halomonas jeotgali Hwa T and Halomonas cibimaris 10-C-3 T were analysed by TLC using cells harvested during the exponential growth phase as described by Minnikin et al. (1977) . The following spray reagents were used to detect different polar lipids: 10 % ethanolic molybdatophosphoric acid (for total polar lipids), ninhydrin (for aminolipids), a-naphthol sulfuric acid (for glycolipids) and the Dittmer-Lester reagent (for phospholipids).
The DNA G+C content of strain JJ-M1 T was 62.4 mol%, which is similar to those of closely related type species of the genus Halomonas (Table 1 ). The predominant ubiquinone of strain JJ-M1
T was ubiquinone-9 (Q-9), which is in accordance with all other members of the genus Halomonas (Franzmann & Tindall, 1990; Arahal & Ventosa, 2006) . Phosphatidylglycerol, phosphatidylethanolamine, phosphoglycolipid (PGL) and diphosphatidylglycerol (DPG) were identified as the major polar lipids and four unidentified phospholipids were also detected as minor polar lipids (Fig. S2) , which is generally in accordance with those of species of the genus Halomonas (Vreeland et al., 1984) . However, the presence of both DPG and PGL allows differentiation of strain JJ-M1
T from closely related species of the genus Halomonas (Table 1, Fig. S2 ). The major cellular fatty acids of strain JJ-M1 T (.5 %) were summed feature 8 (comprising C 18 : 1 v7c and/or C 18 : 1 v6c; 42.0 %), C 16 : 0 (26.5 %), summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c; 15.7 %) and C 12 : 0 3-OH (6.3 %). The overall fatty acid profile of strain JJ-M1
T was similar to those of closely related species of the genus Halomonas; there were some differences in the respective proportions of some components (Table 2 ). In conclusion, the phenotypic and phylogenetic features of JJ-M1
T support its description as a representative of a novel species of the genus Halomonas, for which the name Halomonas garicola sp. nov. is proposed.
Description of Halomonas garicola sp. nov.
Halomonas garicola (ga.ri9co.la. L. neut. n. garum fish sauce; L. suffix -cola a dweller; N.L. masc. n. garicola a dweller of fish sauce, referring to the isolation of the type strain from a fish sauce).
Colonies are pale-yellow, raised, round with entire margins. Cells are Gram-stain-negative, facultatively aerobic, nonmotile short rods (0.8-1.1|1.2-2.2 mm) without flagellum. Growth occurs at 20-37 uC (optimum, 30 uC), at pH 5.5-9.5 (optimum, pH 7.0) and in the presence of 3-22.5 % (w/v) sea-salts (optimum, 10 %). Oxidase-negative and catalasepositive. Anaerobic growth is not observed on 10 % MH agar. Respiration with nitrate is positive, but does not use nitrite and fumarate for respiration. Nitrate is reduced to nitrite, but does not produce nitrogen gas. Growth is observed on MacConkey agar. Exopolysaccharide is not produced. Poly-b-hydroxyalkanoate granules are accumulated. . All data were obtained from this study unless indicated otherwise. All strains were positive for the following characteristics: catalase, poly-b-hydroxyalkanoate accumulation*, nitrate reduction and activities of alkaline phosphatase, acid phosphatase, esterase (C4) and esterase lipase (C8). All strains were negative for the following characteristics: Gram staining*, exopolysaccharide production*, hydrolysis of casein, Tween 20, Tween 80, starch, DNA and gelatin, indole production, the methyl red test*, respiration with fumarate, activities of phenylalanine deaminase, trypsin, a-chymotrypsin, b-galactosidase, b-glucuronidase and growth on L-methionine, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. +, Positive; 2, negative; PG, phosphatidylglycerol; DPG, diphosphatidylglycerol; PE, phosphatidylethanolamine; PGL, phosphoglycolipid. Kim et al. (2010) for Halomonas jeotgali, Jeong et al. (2013) for Halomonas cibimaris and Vreeland et al. (1980 Vreeland et al. ( , 1984 for Halomonas elongata. The type strain is JJ-M1 T (5KACC 18117 T 5JCM 30151 T ), which was isolated from saeu-jeot, a Korean salted and fermented shrimp sauce. The DNA G+C content of the type strain is 62.4 mol%. 
